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ABSTRACT 
OBJECTIVES: Fiber-reinforced composite has been commercialized as universal and flowable 
resin based composite. The objective of this study is to test and compare fracture toughness of 
fiber-reinforced composite resins to conventional particulate filler composite resins. 
MATERIALS AND METHODS: Four products were tested in this study, including: GC everX 
Posterior (EXP), 3M ESPE Filtek Supreme Ultra Universal (FSU), 3M ESPE Filtek Supreme 
Ultra Flowable (FSF), Nanova Biomaterials NovaPro Flowable (NPF), Nanova Biomaterials 
NovaPro Universal (NPU), Prime Dental Manufacturing Prime- dent flowable (PDF). NovaPro 
contains hydroxyapatite nanofiber as filler and everX has glass fiber as filler. Materials were 
tested by creating specimens in two configurations using metallic molds (n=5 or 10/group). 
Flexural toughness specimens were rectangles 2.5×5×25mm with a slot and V-notch of 1x2.4mm 
with at the central edge. All specimens were made following manufacturer’s instructions under 
1,470mW/cm2 light curing. After setting and de-molding, specimens were kept in 37oC water 
for 72 hours. Testing was performed on an Instron machine (Model 5566A) with a three-point 
bending fixture at a cross-head speed of 0.25 mm/sec and V-notch faced to tensile side. One-way 
v 
ANOVA post hoc Tukey HST (JMP Pro 12.0.) was used for data analysis (significance level = 
0.05).  
RESULTS: Fracture toughness results are shown in Table 1. There was significant difference 
among groups.  
CONCLUSIONS: Composites with fiber fillers showed significant higher fracture toughness.  
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Chapter 1. INTRODUCTION 
 
Composite resin is a commonly used dental restorative material in dentistry. Its use as a 
direct restorative material in the anterior teeth has been well documented (1,2). In the recent years, 
the use of composite resin as a direct restorative material in the posterior teeth has been increasing 
rapidly (3-5). Unlike anterior composite restorations, posterior composite restorations and 
foundation restorations are exposed to more forces and stress from function and parafunction. 
Because of this fracture of the composite restoration is a common mode of failure of these 
restoration (6,7). Therefore, composite resin not only needs good optical properties, but also needs 
good mechanical properties, such as fracture toughness, flexural strength, and flexural modulus.  
 
1.1 Composite resin 
Composite resins are mainly composed of organic polymer matrices, such as bisphenol 
A-glycidyl methacrylate or urethane-dimethacrylate, and inorganic fillers, such as silica. In 
addition to silica, composite resins may contain barium or lithium aluminum silicate glasses; 
borosilicate glass; or barium, strontium, or zinc glasses as a filler (8). The filler improves the 
composite resin’s properties, such as strength, fracture toughness, wear resistances, translucency, 
and color.  
Composite resin can be classified according to the size of the filler particle. Fine-particle 
composite resins have ground glass or quartz filler particles that are 0.5 – 3.0 um in diameter that 
make up 70 – 90% of the composite by weight or 60 – 77% by volume. These type of composites 
are more opaque in appearance and it used for core buildups and posterior restorations. 
Microfilled composite resins have spherical colloidal silica filler particles that are 0.01 – 0.12 um 
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in diameter. The filler content of these composites are 35 – 60% by weight or 20 – 55% by 
volume. Microfilled composites have optical properties similar to enamel, so it is ideal for 
esthetic anterior restorations, however, it is not suitable for stress bearing areas. Hybrid 
composite resins contain both colloidal and fine particles as fillers. These composites have filler 
content of 60 – 65% by volume. Hybrid composites provide both esthetics and good wear 
resistance, so they are suitable to anterior and posterior restorations. These composites are used 
most commonly in the market currently (8). 
Composite resin can also be categorized into 3 main groups based on the handling 
characteristics: universal, packable, and flowable. Universal composites are conventional 
composites that are advocated for universal use, as the name suggests. Packable composites are 
more stiffer and more viscous composite that are advocated for use in the posterior teeth. 
Increased viscosity of these composites are achieved by increasing the filler content (66 – 70% 
by volume). This will make the composite more stiffer and may lead to improved mechanical 
properties. Flowable composites are less viscous than universal composites. This is achieved by 
lowering the filler content (37 – 53%). Flowable composites are commonly used as a liner due to 
its low viscosity (8). 
 
1.2 Fiber-reinforcement 
There have been some effort to improve the mechanical properties of composite resin. 
One of the method is to include fiber particles to reinforce the composite. Composites reinforced 
with discontinuous fibers are known as fiber-reinforced composites. One example of this is 
everX Posterior, GC Corp. This composite resin contains a combination of resin matrix, 
inorganic particulate fillers, and E (electrical) glass fibers. The randomly orientated 
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discontinuous e-glass fibers give the composite an isotropic reinforcing effect. Therefore the 
strength of the composite resin is independent of the fracture load direction, which is beneficial 
in resisting fractures in a clinical setting. Another benefit of the fiber-reinforcement is the 
increased bond bonding properties, because the fibers provide additional mechanical retention. 
However, due to the everX Posterior’s optical properties, it is recommended as a dentin 
replacement and not as an enamel replacement. It can also be used as a foundation restoration (9 
– 17). 
 
1.3 Fracture mechanics 
1.3.1 Modes of fracture 
There are many different methods of testing fracture toughness of resin composites. 
Those testing methods are classified as Mode I (opening), Mode II (in-plane shear), and Mode III 
(out-of-plane shear). Mode I test method, which is extensively used in testing brittle materials, is 
commonly used to test fracture toughness of restorative materials in dentistry (18). 
 
Figure 1: modes of fracture 
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Figure 2: Diagram of single-edge-notched-beam used in three-point bend test for Mode I 
fracture toughness 
 
1.3.2 Fracture Toughness 
Fracture toughness is a property of a material, which describes its ability to resist crack 
propagation and fracture (19). The plane-strain fracture toughness (KIC) is determined from the 
highest stress intensity (KI) that a material can resist without fracture (20,21). It is an important 
property that needs to be evaluated for dental restorative materials, especially in resin composites, 
because fracture is a common reason for failure of direct composite restorations. Some studies 
suggest that in posterior direct composite restorations, fracture is the most common cause of failure 
(6,7). A material that has high fracture toughness is able to resist catastrophic crack propagation 
better. Therefore, by using composite resins with high fracture toughness, it is possible to reduce 
the failures of composite resin restorations, thereby increasing the longevity of the restorations. 
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1.3.4 Fracture toughness testing methods 
There are several methods for testing fracture toughness of dental resin composites that 
have been documented in the literature. Some of these methods include, single-edge-notched-beam 
method, compact tension method, short rod with chevron notch method, and double torsion method. 
Although fracture toughness is a material’s characteristic property, depending on the method used 
to test the fracture toughness of materials, studies have shown variation in fracture toughness 
values for the same materials. The most likely reason for different testing methods for fracture 
toughness providing different results is the difficulties in fabricating appropriate specimens and 
the difficulties in performing the test. Therefore, it is important to select a testing method that is 
simple, rapid, and consistent. One of these method is the single-edge-notched-beam method. 
 
1.4 Statement of the problem 
Fracture of composite resin restorations is one of the main failure modes in composite resin 




The objective of this study is to test and compare fracture toughness of fiber-reinforced 
composite resins to conventional particulate filler composite resins. 
 
1.6 Null hypothesis 
The null hypothesis was that there is no significant difference in fracture toughness 
between fiber-reinforced composite resins and conventional particulate filler composite resins. 
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Chapter 2. MATERIALS AND METHODS 
 
2.1 Materials: 
Three different universal resin composites and three different flowable composites were 
used in this in-vitro study. 
The selected materials are as follows: 
1- 3M ESPE Filtek Supreme Ultra Universal (Lot: N556340) 
2- Nanova Biomaterials NovaPro Universal  
3- GC everX Posterior  
4- 3M ESPE Filtek Supreme Ultra Flowable (Lot: N772346, N784787) 
5- Nanova Biomaterials NovaPro Flowable (Lot: FS092315B) 
6- Prime Dental Manufacturing Prime Dent Flowable (Lot: HRB05T, YK15S, QL10S, QF29S) 
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Table 1: Composition and sample size of the composite materials that were tested 


































































Figure 3: 3M ESPE Filtek Supreme Ultra Universal 
 
 




Figure 5: GC everX Posterior 
 
 





Figure 7: Nanova Biomaterials NovaPro Flowable 
 
 
Figure 8: Prime Dental Manufacturing Primedent Flowable 
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2.2 Specimen Preparations and Testing Methods 
2.2.1 Fracture toughness K1C test using single-edge-notched-beam 
Single-edge-notched-beam specimens that are 2.5 x 5 x 25 mm were prepared to test the 
fracture toughness of the materials. The materials were placed into a silicone mold release sprayed 
custom-made metal split mold that was on a Mylar-strip covered glass slide. 
 
 




Figure 10: Custom-made metal split mold with Mylar-strips and glass slides 
 
 
Figure 11: Custom-made metal split mold with Mylar-strip on the back part of the mold 
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Figure 12: Custom-made metal split mold with Mylar-strip and a glass slide on the back 
part of the mold 
 
 
Figure 13: Silicone mold release 
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The mold had a notch in the center of one surface with dimensions of 1x2.4 mm as seen in 
Figure 9. After the mold was filled, a Mylar-strip and a glass slide was placed over the upper side 
of the mold and pressure was applied and two binder clips were used to hold and compress the 
glass slides against the metal split mold.  
 
 
Figure 14: Flowable composite being placed into the custom-made metal split mold 
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Figure 15: Flowable composite placed into the custom-made metal split mold 
 
 
Figure 16: Universal composite being placed into the custom-made metal split mold 
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Figure 17: Universal composite being packed into the custom-made metal split mold 
 
 
Figure 18: Mylar-strip placed over the composite on the custom-made metal split mold 
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Figure 19: Glass slide placed over the Mylar-strip on the custom-made metal split mold 
 
 
Figure 20: Two binder clips placed to hold and compress the glass slides against the metal 
split mold 
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Then the specimens were photopolymerized with a handheld light-polymerizing unit 
(Elipar DeepCure-S LED Curing Light; 3M) having an output intensity of 1,470 mW/cm2 for 20 
seconds in 3 separate positions as seen in Figure 21. 
 
 
Figure 21: Photopolymerization of the composite specimens using a handheld light-
polymerizing unit  
 
After removing the specimens from the mold, excess materials were removed using a razor 




Figure 22: Removal of the composite specimens from the custom-made metal split mold  
 
 
Figure 23: Removal of the excess material from the composite specimen using a razor blade 
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Figure 24: Removal of the excess material and creating a sharp notch on the composite 
specimen using a razor blade 
 
The dimensions of the specimens were measured using a micrometer and the size of the 
notches were measured under a light microscope using a micrometer. 
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Figure 25: Measuring the height of the specimens using a micrometer 
 
 
Figure 26: Measuring the width of the specimens using a micrometer 
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Figure 27: Measuring the length of the notch on the specimens using a micrometer under a 
microscope 
 
Specimens were then placed into vials with water and kept in 37°C in an incubator for 72 
hours prior to testing.  
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Figure 28: Specimens in vials containing water 
 
Testing was performed on an Instron machine (Model 5566A) with a three-point bending 




Figure 29: Three point bend test on an Instron machine 
 
 
Figure 30: Three point bend test on an Instron machine 
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2.2.2 Scanning electron microscopy 
After testing the specimens, scanning electron microscope (Hitachi SU6600) was used to 
analyze the fractured surfaces of the composite resins. 
 
2.2.3 Statistical analysis 
One-way ANOVA post hoc Tukey HST test (JMP Pro 12.0.) was used for data analysis 
(significance level = 0.05). 
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Chapter 3. RESULTS 
 
3.1 Fracture toughness K1C test using single-edge-notched-beam 
The fracture toughness of the six composite resin restorative materials were measured by 
using a single-edge-notched-beam method in a three point bending test. The mean fracture 
toughness (MPam1/2) and the standard deviation for each material were calculated, and the results 
are shown in Table 2 and in Figure 31. 
 
Table 2: Mean fracture toughness (MPam1/2) and standard deviation of the materials 
tested  
 Fracture toughness, MPa-m^0.5 
Material Treatment N Mean Std Dev 
Filtek Univ 37C 5.00 1.44 0.04 
NovaPro Univ 37C 5.00 1.49 0.10 
GC EverX 37C 5.00 2.10 0.18 
Filtek Flow 37C 10.00 1.13 0.06 
NovaPro Flow 37C 10.00 1.30 0.16 
PrimeDent 37C 10.00 0.86 0.03 
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Figure 31: Mean fracture toughness (MPam1/2) and standard deviation of the materials 
tested 
 
Among the flowable composite resins, NovaPro Flowable had the highest fracture 
toughness of 1.30 ± 0.16 MPam1/2, followed by Filtek Supreme Ultra Flowable 1.13 ± 0.06 
MPam1/2, and PrimeDent Flowable 0.86 ± 0.03 MPam1/2. Among the universal composite resins, 
EverX Posterior had the highest fracture toughness of 2.10 ± 0.18 MPam1/2, followed by NovaPro 
Universal 1.49 ± 0.10 MPam1/2, and Filtek Supreme Ultra Universal 1.44 ± 0.04 MPam1/2. 
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) was performed with fracture toughness as the dependent variable and the material as 
the factor. Alpha was set at 0.05. The results of the analysis in Table 3 show there is significant 







PrimeDent FiltekFlowable NovaProFlowable FiltekUniversal NovaProFill everX Posterior
Fracture Toughness (MPam^1/2)
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Table 3: Analysis of Variance of fracture toughness (MPam1/2) of the composite resins 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Material 5 5.651 1.130 98.450 <.0001* 
Error 39 0.448 0.011   
C. Total 44 6.098    
 
In order to determine which specific group means are different, an order differences 
report and connecting letters report are listed below. 
 
Table 4: Ordered differences report of the composite resins 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
GC EverX PrimeDent 1.236600 0.0586839 1.06078 1.412417 <.0001* 
GC EverX Filtek Flow 0.963200 0.0586839 0.78738 1.139017 <.0001* 
GC EverX NovaPro Flow 0.791900 0.0586839 0.61608 0.967717 <.0001* 
GC EverX Filtek Univ 0.658800 0.0677624 0.45578 0.861816 <.0001* 
NovaPro Univ PrimeDent 0.626000 0.0586839 0.45018 0.801817 <.0001* 
GC EverX NovaPro Univ 0.610600 0.0677624 0.40758 0.813616 <.0001* 
Filtek Univ PrimeDent 0.577800 0.0586839 0.40198 0.753617 <.0001* 
NovaPro Flow PrimeDent 0.444700 0.0479152 0.30115 0.588254 <.0001* 
NovaPro Univ Filtek Flow 0.352600 0.0586839 0.17678 0.528417 <.0001* 
Filtek Univ Filtek Flow 0.304400 0.0586839 0.12858 0.480217 <.0001* 
Filtek Flow PrimeDent 0.273400 0.0479152 0.12985 0.416954 <.0001* 
NovaPro Univ NovaPro Flow 0.181300 0.0586839 0.00548 0.357117 0.0399* 
NovaPro Flow Filtek Flow 0.171300 0.0479152 0.02775 0.314854 0.0114* 
Filtek Univ NovaPro Flow 0.133100 0.0586839  -0.04272 0.308917 0.2315 
NovaPro Univ Filtek Univ 0.048200 0.0677624  -0.15482 0.251216 0.9794 
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Table 5: Connecting letters report of the composite resins 
Level      Mean 
GC EverX A     2.0968000 
NovaPro Univ  B    1.4862000 
Filtek Univ  B C   1.4380000 
NovaPro Flow   C   1.3049000 
Filtek Flow    D  1.1336000 
PrimeDent     E 0.8602000 
 
3.2 Microstructural analysis 
Fractured surfaces of selected composite resin specimens were analyzed using a SEM . 
Figure 32 shows the SEM images of the fractured surfaces of NovaPro Universal composite resin 
in x2k and x20k magnification. In the x2k image, the fibers are not visible. The x20k 
magnification SEM images shows the fibers and it is evident that the fibers are oriented in 
multiple directions.  
 
 
Figure 32: SEM images of the fractured surfaces of NovaPro Universal composite resin in 
two different magnification; ×2k magnification (A) and ×20k magnification (B). 
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Figure 33 shows the SEM images of the fractured surfaces of everX Posterior composite 
resin in x200 and x5k magnification. Both SEM images show the presence of fibers. In the x200 
magnification SEM image, it is visible that the fibers are much larger than the fibers in the NovaPro 
Universal and the fibers are in random orientation. 
 
 
Figure 33: SEM images of the fractured surfaces of everX Posterior composite resin in two 
different magnification; ×200 magnification (A) and ×5k magnification (B). 
 
Figure 34 shows the SEM images of the fractured surfaces of Filtek Supreme Ultra 





Figure 34: SEM images of the fractured surfaces of Filtek Supreme Ultra Universal 
composite resin in two different magnification; ×200 magnification (A) and ×5k 
magnification (B). 
 
Figure 35 shows the SEM images of the fractured surfaces of NovaPro Flowable composite 
resin in x200 and x2k magnification. In the x200 magnification SEM image, the fibers are not 
visible. In the x2k magnification view, the nanofibers are visible and they are clustered. 
 
 
Figure 35: SEM images of the fractured surfaces of NovaPro Flowable composite resin in 
two different magnification; ×200 magnification (A) and ×2k magnification (B). 
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Figure 36 shows the SEM images of the fractured surfaces of Filtek Supreme Ultra 




Figure 36: SEM images of the fractured surfaces of Filtek Supreme Ultra Flowable 
composite resin in two different magnification; ×200 magnification (A) and ×2k 
magnification (B). 
 
Figure 37 shows the SEM images of the fractured surfaces of PrimeDent Flowable 





Figure 37: SEM images of the fractured surfaces of PrimeDent Flowable composite resin in 




Chapter 4. DISCUSSION 
 
According to the results obtained in this study, the null hypothesis was rejected. There was 
a significant differences in fracture toughness between fiber-reinforced composite resins and 
conventional particulate filler composite resins, with the fiber-reinforced composite resins having 
higher fracture toughness values. 
In this study, the fracture toughness of fiber-reinforced composite resins were tested and 
compared to conventional particulate filler composite resins. Fracture toughness is an important 
property of composite resins, because it describes the composite resins’ ability to resist crack 
propagation and fracture. Fracture of composite restoration is a common mode of failure, 
especially on the posterior teeth (6,7). Therefore, by using a composite resin that has a high fracture 
toughness, which can resist crack propagation better, we can reduce the number of failures of 
composite resin restorations. 
The results of this study showed that the fiber-reinforced composite resins generally having 
higher fracture toughness. This indicates that the inclusion of the fibers in the composite resin may 
have increased the material’s resistance to fracture, which is in agreement with other studies (9-
17). Composite reinforced with glass fibers, everX Posterior, showed a significantly higher 
fracture toughness than other groups 2.10 ± 0.18 MPam1/2. However, the fracture toughness of 
nanofiber reinforced NovaProFill universal composite 1.49 ± 0.10 MPam1/2, although was higher 
than the fracture toughness of Filtek Supreme Ultra universal composite 1.44 ± 0.04 MPam1/2, 
there was no statistical significant difference. This can possibly be explained by the size of the 
fibers that are included in the NovaProFill universal composite. In the scanning electron 
microscope observation of the NovaProFill, under x2,000 magnification, the fibers are not visible. 
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The fibers were only visible under x20,000 magnification, which suggests that the fibers in the 
NovaProFill are nanofibers. In contrast, the fibers in the everX Posterior can be seen even under 
low magnification (x200), and under x5k magnification. The large size of the fibers that have 
diameters of 170um can be appreciated. This suggests that the size of the fiber may have an 
important role in improving the fracture toughness of the composite resins, which is in agreement 
with other studies (22,23). 
Among the flowable composite resins that were tested in this study, the nanofiber 
reinforced NovaProFlow flowable composite had the highest fracture toughness value of 1.30 ± 
0.16 MPam1/2. The fiber-reinforcements in this resin is clearly visible on the SEM at x2k 
magnification as seen in Figure 35. The fibers in this flowable composite are longer and larger 
compared to the NovaProFill universal composite as seen in the SEM images. This may be the 
reason why the NovaProFlow flowable composite had a statistically different fracture toughness 
compared to the other conventional particulate filler composites.  
Although the results of this current study showed that fiber-reinforced composite resins 
have higher fracture toughness, it cannot be concluded that fiber-reinforcement absolutely 
improves the composite resin’s fracture toughness due to other variables, such as filler content and 
organic matrix content. Further studies need to be done to test the effects of fiber-reinforcement 
on fracture toughness and other properties of composite resins. 
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Chapter 5. CONCLUSIONS 
 
Within the limitations of this in-vitro study, the following conclusion can be drawn: 
1. Composite reinforced with glass fibers (everX Posterior, GC) showed a significantly higher 
fracture toughness than other groups. 
2. The universal composite with nanofiber fillers (NovaPro Fill Universal, Nanova) showed 
the same level of fracture toughness compared to particle filled universal composite (Filtek 
Supreme Ultra Universal, 3M). 
3. The flowable composite with nanofiber filler (NovaPro Flow Flowable, Nanova) showed 
significantly higher fracture toughness compared to particle filled composite (Filtek 
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